An overview is given of the various drivers, needs and trends in the automotive industry, and how these are matched by various new plastic solutions while significantly increasing the sustainability of various car systems and cars in total. These plastic solutions are demonstrated for eco-efficient solutions consisting of existing materials that contribute to sustainability of the car via component lifetime extension, or fuel/emission reduction due to weight savings or friction reduction. An alternative solution focuses on modification of the material itself by using non-hazardous substances as performance improvers, recycled based materials and bio-based plastics, like PA410. Application cases thereof are given to demonstrate potential in terms of sustainability indicators like CO 2 reduction or fuel use.
INTRODUCTION
Major drivers for most trends in the automotive area today are quests for lower total cost of ownership by consumers, higher profitability levels by the carmakers and their tiers, higher safety and comfort levels, and an increase in eco-efficiency. Some of these drivers do originate from specific governmental regulations or legislations regarding CO 2 e m i s s i o n s , N O x and particulates emissions according to Euro V and Euro IV, use of bio-fuel, End-of-Life-Vehicle directive, pedestrian safety legislation and others. Response in the market is a focus on a variety of technology developments like downsizing of engines, metal-to-plastic conversions to reduce weight, clutch and transmission system optimization to reduce friction, and electrification of the car [1] . Figure 1 summarizes CO 2 regulation targets and timeline in Europe as one of the driving forces, as well as estimated attainable levels of CO 2 for various stages of electrification of engine and powertrain. The gap between expected achievable level for gasoline and diesel engine technology and emission requirements from 2020 onwards, confirm the demand for further sustainable developments. 
IMPROVING ECO-EFFICIENCY

PLASTICS IN HYBRID AND ELECTRICAL CARS
A lot of carmakers are significantly increasing their activities in the development of hybrid cars and electrical vehicles. Drivers originate in the emission legislation, in a fear for a potential scarcity of oil somewhere in the near future and in an increased green and Total-Cost-of-Ownership awareness at end consumers. As a result a number of working groups have been formed or are being formed between automotive OEMs, utility/electricity providers and battery suppliers including relatively n e w p l a y e r s l i k e T e s l a , T h i n k , D u r a c a r , B Y D , Better Place.
However, various roadblocks still do exist in the areas of batteries (limited lifetime and high cost levels), infrastructure (availability of a complete network of charging and maintenance stations), and discussions around eco footprints (as related to the origin of the electricity). Therefore it is logical that most predictions regarding the amount of electrical vehicles driving around in the marketplace do not exceed 5-10% for 2020, and that the combustion technology will still remain a dominant factor for a long time, see figure 2. For example, new start-stop systems must be able to withstand more than 300.000 start/stops, whilst conventional systems are designed for only 60.000 starts. This makes the use of materials as PA46 with its extreme good wear and abrasion resistance in combination with its excellent high temperature and fatigue resistance almost mandatory for starter gears, especially for the higher starter motor powers, see figure 3.
Figure 3: Area of applicability of PA46 in Starter Gears
Other opportunities for high temperature resistant plastics such as PA46 are to be found in the solenoid system of the starters and in the bearing cages of the alternators and in various insulation components (stator insulator, rotor overmoulding, diode carrier and others) or in mechanical/structural parts still produced out of metal.
Due to higher temperatures in the E-motors, the coil insulation, see figure 4, requires higher temperature resistant materials such as PA46, PA4T, PPS or LCP. 
USE OF PLASTICS TO REDUCE VEHICLE WEIGHT
Fuel consumption and emission levels of the both conventional as hybrid electrical vehicle can be lowered by reducing the weight of the cars. This can be achieved by switching from metal to plastic parts as much as possible. Metal-to-plastic conversion is nothing unusual as has been demonstrated for multiple applications such as air inlet manifolds, air ducts, charged air cooler end caps, air bag containers, and many more [2] , see also figure 6.
New opportunities in metal-to-plastic conversions are currently being explored, for example, for applications as oil sumps, ducts, air bag inflators, turbo parts, throttle valve bodies, pump housings, and floor pans. Due to (upcoming) regulations on car-model or even fleet, CO 2 in the form of penalties or taxes in exceeding a certain CO 2 or weight limit, even a small amount of weight reduction can have a large effect. Castor oil is derived from the Ricinus Communis plant, growing in tropical areas. It grows on relatively poor soils, and the production of castor oil is therefore not competing with the food-chain. PA410 has been shown to be carbon neutral from cradle to gate, which means that the carbon dioxide that is generated during the production process of the polymer is fully compensated by the amount of carbon dioxide absorbed in the growth phase of the castor beans, see figure 8. Figure 8: Cradle-to-gate process for PA410 in comparison with standard polymers PA410 is a polyamide with an interesting set of mechanical properties. It has a beneficial combination of a relatively high melting point of ca. 250ºC with a high crystallization rate, and -for the class of Polyamides -a relatively low density. Additionally, it has low moisture absorption that contributes to excellent chemical and hydrolysis resistance. Because of the low moisture absorption it retains most of the mechanical properties after conditioning. Table 2 gives for an overview with key properties of PA410 and other polyamides that are frequently used in automotive. 
